The capacity to learn enables animals to match their phenotypic response to a changing environment on the basis of experience but learning is likely to incur costs such as the cost of making mistakes or the energetic cost of processing information. Little is known about how animals optimize the use of learned behaviour within their natural environments such that potential costs are minimized. We investigated whether the use of local landmarks in learning orientation routes by the three-spined stickleback, Gasterosteus aculeatus, varied in response to the visual stability of their natural habitats. Sticklebacks collected from five fast-flowing rivers and five ponds were trained to locate a hidden reward in a T-maze. Locating the reward required the fish to learn a body-centred algorithmic behaviour (turn left or right) or to follow plant landmarks. Probe trials, in which these cues conflicted, revealed which spatial cue the fish was using. Pond fish appeared to rely more than river fish on visual landmarks, which is consistent with the suggestion that even within a species, learned behaviour is fine-tuned in response to local environmental conditions. Landmarks may be reliable indicators of location only in stable pond habitats. In rivers, turbulence and flow may continually disrupt the visual landscape such that river fish may benefit from learning orientation routes only if learning is constrained so that unreliable visual cues are ignored. 
The influence of habitat stability on landmark use during spatial learning in the three-spined stickleback The capacity to learn enables animals to match their phenotypic response to a changing environment on the basis of experience but learning is likely to incur costs such as the cost of making mistakes or the energetic cost of processing information. Little is known about how animals optimize the use of learned behaviour within their natural environments such that potential costs are minimized. We investigated whether the use of local landmarks in learning orientation routes by the three-spined stickleback, Gasterosteus aculeatus, varied in response to the visual stability of their natural habitats. Sticklebacks collected from five fast-flowing rivers and five ponds were trained to locate a hidden reward in a T-maze. Locating the reward required the fish to learn a body-centred algorithmic behaviour (turn left or right) or to follow plant landmarks. Probe trials, in which these cues conflicted, revealed which spatial cue the fish was using. Pond fish appeared to rely more than river fish on visual landmarks, which is consistent with the suggestion that even within a species, learned behaviour is fine-tuned in response to local environmental conditions. Landmarks may be reliable indicators of location only in stable pond habitats. In rivers, turbulence and flow may continually disrupt the visual landscape such that river fish may benefit from learning orientation routes only if learning is constrained so that unreliable visual cues are ignored. Theoretical models that investigate the kinds of environmental unpredictability that should select for learning assume that there must be costs and limits to being plastic that constrain its evolution (Mangel 1990; Stephens 1991 Stephens , 1993 Bergman & Feldman 1995) . Proposed costs of learning include the cost of making mistakes, the energetic cost of processing information, delayed reproductive success, increased juvenile vulnerability and increased parental investment (Johnston 1982). However, little is known about how, or indeed whether, animals optimize the use of learned behaviour within their natural environments such that potential costs are minimized.
In some cases, plasticity of brain structures and neurological machinery may enable animals to reduce energetic expenditure when there is a reduced demand for information processing. For example, seasonal fluctuations in the rate of neurogenesis and hippocampal volume in blackcapped chickadees, Poecile atricapillus, follow seasonal changes in foraging behaviour and space use (Barnea & Nottebohm 1994; Smulders 1995) . Similarly, enhancement and regression of spatial learning ability in various species of polygynous rodents appears to track seasonal shifts in the demand for this behaviour (Galea et al. 1994; Gaulin 1995) . Interpretations of the adaptive function of seasonal changes in brain structures have been criticized for lacking experimental evidence (Bolhuis & Macphail 2001) . However, it is likely that at least some animals are economical with their investment in neural tissue, building and maintaining neurological machinery only when the metabolic costs can be offset by the benefits of increased efficiency in acquiring food or mates.
More wide ranging are mechanisms that guide and direct learning and associated perceptual processes in response to specific ecological problems. Animals are often preprogrammed to pay attention to certain cues in preference to others. For example, when exposed to songs of multiple species, juveniles of a number of bird species preferentially learn conspecific song (Thorpe 1961; Marler & Tamura 1964; Immelmann 1969; Marler & Peters 1977 , 1988 . Furthermore, certain associations may be learned more readily than others (Garcia & Koelling 1966) . Hummingbirds, Archilochus alexandri, can easily learn to discriminate colours but not objects of differing brightness (Goldsmith et al. 1981) . Similarly, three species of hummingbirds (A. alexandri, Eugenes ful-
